Arousing events are better remembered than mundane events. Indeed, manipulation of arousal, such as by muscle tension, can influence memory even when it occurs shortly after learning. Indeed, our founding study showed this approach can raise delayed memory performance in older adults to a level comparable to that of unaided young adults. Yet, systematic studies, especially those investigating different modalities or types of memory, have not been done. This study investigated the effects of a brief bout of isometric exercise via handgrip on narrative and visuospatial episodic memory in healthy elders. Forty-seven participants completed the Logical Memory subtest of the Wechsler Memory Scales III (LM) and the Benton Visual Retention Test (BVRT), followed alternately by no treatment and by moderately squeezing a sand-filled latex ball for 1-min (counterbalanced order and test forms). Isometric exercise significantly increased both positive and negative affect ratings. Retention was tested 2 weeks later. Delayed recall and recognition of LM was enhanced by arousal relative to control, as was recognition of the BVRT. The results extend past findings that muscle tension induced after learning modulates memory consolidation, extending findings in elders to suggest that a simple form of isometric exercise can have practical effects, such as aiding memory for stories and images.
Introduction
Information and events that are physiologically arousing, whether or not they evoke specific emotional reactions, are often better remembered than neutral or mundane information and events (McGaugh, 2000; Nielson & Jensen, 1994; Nielson & Meltzer, 2009) . Typically, this enhancement of memory is apparent at longer (e.g., hours, days) vs. shorter retrieval delays (e.g., Costa-Miserachs, Portell-Cortés, Aldavert-Vera, Torras-García, & Morgado-Bernal, 1994; Revelle & Loftus, 1992; Torras-Garcia, Portell-Cortés, Costa-Miserachs, & Morgado-Bernal, 1997) . Extensive research has associated this phenomenon with several specific biological consequences of arousal, including catecholamine stress hormones released by the adrenal glands that activate secondary signals in the brain (McGaugh, 2000; Nielson & Jensen, 1994) and with increased glucose release (Parent, Varnhagen, & Gold, 1999) . Importantly, while heightened arousal typically occurs during the experience, and therefore during the encoding of information and events, empirical studies clearly demonstrate that moderate manipulation of arousal can also enhance memory when it occurs shortly after the event (Gold & van Buskirk, 1975; McGaugh, 1966; Nielson & Powless, 2007; Nielson, Radtke, & Jensen, 1996) . As such, inherently arousing events are better remembered later, but so too are non-arousing memoranda and events that are followed soon in time by an unrelated but arousing stimulus (Nielson & Bryant, 2005; Nielson & Powless, 2007; Nielson, Yee, & Erickson, 2005 ; but see also Liu, Graham, & Zorawski, 2008) . Additionally, emotion regulation strategies and a predisposition towards arousal can influence the effect of arousal on memory (Nielson & Lorber, 2009 ). Thus, in addition to informing research about the physiological and neural mechanisms underlying memory, this line of work suggests that the manipulation of arousal during or soon after learning might have potential as a tool in cognitive rehabilitation and memory intervention programs.
One particular technique, muscle tension, such as can be induced via handgrip, can induce arousal quickly and without specific affective quality or directionality (i.e., positive/negative). An acute bout of handgrip muscle tension increases breathing and heart rates, blood pressure (Kluess & Wood, 2005; Stewart, Montgomery, Glover, & Medow, 2006) , and catecholamine levels, especially in older adults (Kremiń ski, Cybulski, Ziemba, & Nazar, 2012) . ''Optimal'' handgrip tension (i.e., of moderate pressure) of at least 30 s has been associated with improved memory and processing speed (Bills, 1927; Courts, 1939; Stauffacher, 1937;  
